We present here the results of self-consistent field (SCF) and configuration interaction (CI) theoretical studies of seven low-lying electronic states of sulfur oxide. The basis set was of double zeta quality augmented with polarization functions. The CI space for each electronic state consisted of all configurations constructed from single and double substitutions of electrons from the valence. brbitals of the Hartree-Fock reference occupation. Spectroscopic constants as well as dipole moments for each electronic state were predicted both at the SCF and CI levels of theory. Of particular significance is the prediction of excitation energies and properties for three low-lying .states for which experimental information is either unavailable or only very recently available. These states are the c' state (Te= 27900±300 cm 1 ), the A' . state (29000±300 cm) and the A't state (29900±300. cm).
I. Introduction
Sulfur oxide, SO, was first identified from its B 3 --
1
.. x 3 emission by Martin in 1932 and later in a number of systems by various techniques. 2 This radical is believed to play an important role in the oxidation of sulfur and sulfur compounds. However, it is still a molecule about which much is yet to be learned and for which quality ab initiocalculations might contribute to an understanding of low-lying excited electronic states.
It is well-known that moleculeswith isoelectronic structure do not necessarily have similar potential surfaces for all electronic states. For instance, the three lowest states of 02, X 3 9 a'L g and b'E g dissociate into two ground state atoms, 0(3P) -0( 3 P). Quite differently, the ground state X 3 E of the isoelectronic molecule NP dissociates into ground state atoms N(S) + F( 2 P) while the a'A and b1E states must dissociate into N( 2 D) + F( 2 P) accordingto the Wigner-Witmer rules. 3 This results in a slightly higher vibrational frequency (We= 1197 cm). for the b state than the ground state (1141 cm) of NP. Such behavior would not be expected for diatomic molecules in which.both constituting atoms have the same valence structure if the states considered correlate with both groundstate atoms. For example, each of the X, a, and b states of 02) S 2 , and SO are spectroscopically similar and they all dissociate into two 3 P atoms. However, this similarity may not hol4 for molecular states which correlate with excited atoms. Furthermore, the loss of g/u symmetry in the case of heteronuclear diatomic molecules may result in a great extent ofmixing between certain electronic states. Hence, the potential. surfaces of the higher excited states of SO might be quite different from those of its close homonuclear companions, S 2 and 02* SO serves as the. best candidate for the study of these effects since S2, 0 2' and SO are relatively well-studied experimentally and accurate ab initio studies of 0 and S 2 are available. 4 ' 5
Six excited valence states of SO have been observed.
The relative energies of these low-lying states of SO as well as those for 02 and S are listed in Table I . Among those six, only three states, B 3 , A 3 , and b1E+ have been well-characterized by accurate molecular constants. Although the a'A state was observed by an electron spin resonance (ESR) technique 6 in 1966, it was not until recently that accurate vibrational constants and theequilibrium bond distance were determined. 7 The energy of this state relative to the ground state is still not accurately known.
Lee and Pimentel 8 recently observed chemiluminescence, from the reaction of sulfur and oxygen atoms in cryogenic matrices, which they assigned to the c'E-a'A transition of SO with v = '21,363 cm. Tevault and Smardzewski 9 also 00 observed the same emission as well as a relatively weak progression which was assigned to the A' of SO. However, they obtained a v value of 22,543 cm' for the ca transition (due to differences in vibrational number assignments) and a v rn value of 28,400±1,150 cm 1 for the A'-*X transition. The molecular electronic states that were studied arose from the two electron occupations and 7 2 2ri 3 3'n 3
The first electronoccupation gives rise to t.hree states, X, a'A and b 1 E 4", and the second gives rise to six states of which the four studied here are c', AT 3 , A" and
The calculations performed in this work were designed to be of comparable quality to earlier work on the thirteen lowest-lying bound electronic states of diatoniic sulfur. 5
The purpose of this, as will be discussed in the last section,was to be able to compare the accuracy of theoretical predictions for the two molecules.
To this end, the basis sets on oxygen and sulfur were ones contracted from sets of primitive Gaussian functions generated by Huzinaga to a double zeta set by Dunning then A second larger basis set was also examined and although it yielded slightly lower total energies, the potential curves that resulted for the X, a and b states were essentially parallel both at the SCF and CI level of theory. The larger basis set consisted of the same functions on sulfur as already described, but with a larger [5s3pld] basis on oxygen. 13
Sincethe potential curves generatedby these two basis sets were parallel, essentially the same spectroscopic constants were derived. It is not surprising, of course, that a basis set of double -zeta -plus-polarization quality is adequate for this molecule since it was•shown earlier 5 to be adequate for the somewhat larger but similar molecule S 2 .
The results of calculations on the,X, a andb statesusing both basis sets are given inTabie II.
The size of the CI space was also chosen to be comparable to that used in the earlier s.tudy of S. The list of configurations used in these calculations consists of all allowed Although the basis set and size of configuration space were tested only for the X, a and b states, it is reasonable to assume that the choices made allow for roughly an equal treatment of all seven electronic states that are the object of this work. This is due to the fact all seven states are essentially different coupling of electrons occupying the same orbitals. Thus, a basis set and CI space that adequately describes the 27r orbital of the ground state will probably describe the 27 orbital of the 3 A state equally well. This is not, of course, expected to be the case for highly excited (Rydberg) states for which the orbitals are expected to be very diffuse and quite different from those of the ground state.
The choice of basis set and the selection of a configura-tion space were discussed extensively in the work on S 2 and this discussion need not be repeated here. One important difference shOuld be noted, however, and this is that fewer valence electrons are being correlated in these calculations on SO than were correlated in those on S 2 . This is not expected to weaken the comparison of results to be made in the next section because, as was discussed in the work on S 2 , for the seven low-lying states that will be compared here the treatments of S 2 and SO are expected to be equivalent.
To facilitate the calculations, real orbitals (e.g., tr y , ir) were used instead of complex ones (e.g. , iç, it). The configurations constructed in this study were symmetry functions of the full C point group, which is not v abelian and has doubly degenerate IRs. Configurations that are symmetry functions of a point group are much more difficult to produce if the group is not abelian than if it is.
The, procedure used for generating the C configurations in this work was ,a geneological coupling scheme which is The resulting energies were fit to an analytic form and the fitting parameters used to determine spectroscopic constants such as T el Te °e' and B e • The dipole moment p was computed from both the SCF and CF wavefunctions at the equilibrium geometry determined from these two levels of theory.
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III. Results and Discussion
The results are displayed in Table II The natural orhitals are eigenfunctions of the spinless single-particle density matrix. 18 The density matrix is constructed from a CI wavefunction which is defined with respect to a configuration list and a set of molecular or-bitals. For the B state, the procedure was to use B state SCF molecular orbitals, the two reference single and double substitution configuration list, and the CI wavefunction corresponding to the second lowest eigenvalue of the CI hamiltonian matrix. The results with and without the natural orbital iteration are presented in the table.
In every case where experimental information is known with some degree of certainty, the CI predictions for the spectroscopic constants are closer than either the SCF predictions or those of the earlier theoretical study (DTB) to the accepted values.
In fact the SCF level of theory gives excitation energies, bond lengths and stretching frequencies to within 40%, 3% and 20%, whereas CI gives the same to 15%, 1% and 8%. ,-.l r-1 
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